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(54) SEMICONDUCTOR DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device wherein the breakdown strength at an element 
peripheral part is higher than that at a drift part while 
avalanche resistance amount is improved without a 
guard ring or field plate. 

SOLUTION: Related to a vertical MOSFET, a 
breakdown-strength structure part (element peripheral 
part) 2 has a second parallel pn structure where a 
vertical n-type region 2a and a vertical p-type region 2b 
are alternately jointed repeatedly. The structure 2 is 
present between a surface and a drain layer 1 1 around a 
vertical drift part 1 of first parallel pn structure, and is 
almost non-electric path region in an on-state and is 
depleted in an off-state. A third parallel pn structure is 
provided at a directly-below part 3 of a gate taking-out 
electrode. 
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CtfPft^lS:] KiMOS FET«C*lr>T. JR 1 
»0aUT**bT*«*2flI)StWpn#lja***.T^ 
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1 

* asm8tfrr*mi©m«st. Wiessrom2±@#itr 
mast, iwESttttttrettisaiSioHcfl-aEU 

m-c\z&3Lit?zmm h y 7 hast. iftf2Sf£ 1 isicjg 
i^Mi&^LT^B£$n. iWEaiimast::4>te< t*>- 

gB#ia&LTfi!c£:*> • #73iiHE!ffl©?fS3maSt£# 

2 ^msim^ t s^stcit 0 >i uts& ltbJc* 

SJIHiaS^ H 'J 7 Sg&©J5 0 TgftieSg 1 £® t gflgeSJSJri 
StWPslKtf-ftU *>imTtt«fc#m»SI«T*o 

x-jj faizm fo-rzmmm 1 agmi!g[*£tiifBS«©J¥* 

-r zmmm 2 «m$!&% t s^sncst 0 31 1 lt 
Ee-5m3c7)ae?ijpn^jgT*f3. fiffem 3 <om.n p n «t 

ICpnftOEl/tty 3=-*<fl!rE3S 1 ©M?U p n fltit© p 
S. 

• Wifi©?»i!<ttaftt;tftirE)B i <r>tsm p n fi?is©T»&i§ 

fettle ttW«tT*+«W*tt«. 

»**n&jis i 2»ms©&ffieiBtci&m«iat- *m 2 © 
mi t , ^ief§ttgi5 t HSia/a^M^ t ©m tzit&L. 

m-ci-i&zit? zmm h u 7 hat, sata 1 umiztm 
mzftLTmsastx, miZBinmmiz'j>te.< tt»— «s 
* 5 i$nt^5^> • * 7SMwa ©as 3 masts* 

-s*af^m 1 jgm^RSMtfl«fes«ro/i*^'[6]trEr6ir-5 

S6l©M^Jp n«jSt&ofc¥*#gBK:fc^T. 
fffiESlfJg H'J7 hSK©^ OTlfflElfS 1 ^BtWEffiffifix 

licimc^ftl,. *>tt»Ttt*ia*m»«I«r*-a 

*^i^(cE(Sj-ri>^^Mi i simian* t wesson* 

^rSjlCE(6]T SK&JfS 2 t ££5IC*i 0 il L 

Tlg£ UTJ&sat 2 COM^iJ P n fSilT* <0 . 
WEJB3««SOiET»»34«. WE**E«)W**l«airE 

iai-r*iK»JBi*mffi»*tiWES«<off**iaicEisi 

2 Wma««t*SES«Cll Oil LTft^LT 50 



2 

3 ©3k?iJpn«jgT;&t3. 8JE3S 3 ©3£?y P n «} 

*><^T. ft((IBMI2roM? ? iJpnfi|jt<7)pn«|D>lUt-y^ 

liMrESBl©3fc5Upn«jft©pnllDJiUey?«tO'b 
S?^CtS«FSi-r-5^»^gB. 

*^r, WEm2©M5ijpnffiji©5FiSie^i»s««aEm 
-*-*4£*{*£B. 

fct^T. ffiEft 3 ©2£?U p n *8iS©!g 1 SBflWHrE* 
1 iiil:It»l!llt*)B2 WSUiAiBtHTifefl 

C1§3K^7] |f*]g6»c*5HT, SUES! 3 ©M5U p n 
t8jg©3t 1 ^9MUME«2 j»mfi(K*0 7x^PfNlff 

fi. 

[ffi #3? 8 ] it*?? i nmmxm i © n-f n^-JHic 

*3l^T, ME£l0£jfflpntt5fitl!ftE£2 0!)tt9ijpn 

-r£¥«#8B. 

cit*3S9] ai*35 1 »5M*9i 7 ©^m^ -^ic 

*3^T, fttE£l©tt^pnttifi£1NE1IS2©aE;iJpn 
fllifi t teB BtfffiBX 1>TEB 3 fit ^ £ C t £#® t 
-r£¥##gB„ 

m *m i o ] mxm 1 7iMii*^ 7 © ^rti*»-9i 

lC*Vvr, ft9fSfll©MyiJpnffiiatflfflHMI3©M?"Jp 
n*»ifitttSE3&«»JFff'LTEEStlT^act*»« 

t-r*#»^a. 

est 1 1 ] 1 Tbmimm 7 ©^-rn^-^ 

»C*UT, mt&mi ©3£?"Jp n«liit^!2Sl3©M? F !lp 
n^iittiSffi^ffliE^UTEBSnT^^CltS^a 
t"T?>^^f*:^B. 

[gs^jg 1 2 3 mjrjs 1 nmm#j% 1 1 ©t»rn*>— 

JgtC*5^T. WESI1> m2S.^m3©»fe?iJpn^iiS 

fltfiE-r4i«^m 1 mmmmmtmmm 2 ^msim^t 

#:giB. 

1 3 ] as©^ 1 £®ffl»c^BK$n^f§ttSP 

«C#m»ttT*JB 1 ©mast. ff}E£&©ftS2£ffitt 

cM^nts 1 w«g©tt«ttS£#«»«rr*fli 2 
©mast. WEisttaBtttEffiffittJitroiinK^a 

U. ^->«SgT« H U 7 hmSE*«E*F6Ucatt"t*tC* 
7#»Tttfi2ft;-r**» K 'J 7 hg|5tS*L. S5te*a! 
» K «J 7 h«*«lttE*«©»**ia>lcEl«a-r**»* 1 

»ms!fR« t(WE*«©»**iRn:Ei6i-r 2 ^ 

m^ t ££5tClg 0 S LT«§ LTJS** 1 ©M?'J P n 
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"ItBNEJ* K U 7 hSS©^ 0 TWE* 1 £S£ WEf&ffiffi 

**rpi^Efiir i »ms««£WE»««>J»* 

T*'&UTJBJt*SB2oafcMpn«lifiT*0, 

WE* 1 CDM^J p n tfliftX ttWE* 2 p n Stifitf) 

5%, 4>&< tfcWE*i <Dmmm<Dmmffi<DW.TWtt 

^^Jpnm®^pn^03IUt!^^cfcO : b^<rcJ:oT w 

[MUt 1 4 ] §S*S 1 3 IC43^T, WEfiTSi^K: 
itt*tJi|p n«jfi<D^>E%««ttWI2* 1 ©ffiWp n 

[i«*Jfl 1 5 3 S1£©* 1 £B6«lC»riE*n&«tt« 

ici»m&jrr**i <ommm t. mess©* 2 £s« 
^»*aftfc* 1 *«sa©fi«tt«£*««ttra* 2 

iOEiStt*illlB*ftttii©IBK:*« 
7«»-Cttffi£ft-r*IK*KU7h«fc**b* WE« 

WE»J& KU7h»OB0 TWE* 1 ±BfcWEflEi£tn; 

frjjfaizmfa't zmmwz 1 w«3!««£WES«a>j»* 

Tg^lT^S 2 CDM^J P n «jfi-T * 0 , 
WE* 1 03fL^J P n fltifiXttWE* 2 <D&m p n #f ig© 

fC^ttS&^Jp niifi©T««liM!*«E» 1 ©MWp 

1 6 ] IS*S 1 3 7!>M8S#^ 1 5 Wttlfr 
-miZ&\,*T, WE*2©M^Jpn«iS©pn»9iIL 
K y^BMEWKDSfeaiP nWiB^pnltOiiUbry? 

1 7 ] is^js 1 3 nm.a^ i 6 <D^-rn^ 
-jhk*5^t. we* 2 ©atwpn 

WE* 1 ©M?U p n Wifi©*Mift»ft cfc 0 fc<EV> Z fc* 

1 8 ] 1 3 75SiS*^ 1 7 (OUftl^ 

»EtfLT«»oat5Bpn«Jfi©JBl*ffi 

«#we* i «MK»«M*r** 2 m+mvxfri* 

[gfi^Jl 1 9 ] IS*^ 1 8 tC*5^T, MEM 1 <o$m 
pn*ifi(0 5%MBiaTffl»^ffiMpn«lifi^l»«'r«> 5 
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l«^^2itSi«l^ |»E»2»«ffl^x;HB 

So 

[§s*^2 o ] 1 3 jb^mxm i 9 ©urn* 

m*«2 1] ffi#mi 3 7ss»*fli2 oo^rn* 
w p n «is t itmmffin^n lteis nt v>* c £ s 
[M^a 2 2 ] Ht*« 1 3 nmrnm 2 0 ©urn* 

-JSKfc^T, WB*l©afcWpnttifi£WB*2©aK 
5»Jpn«tiitttJBB5*«ffllBSSLTEBSnTl^C 

#«£r*4*W#3S1I. 
[»*3S2 3] 3 75MIf#ig2 2©V>rft* 

— JSlCfc^T, WE* 1 Rtf * 2 ©&?U p n«afi**JSE 

t5*»JB 1 »«B«*t*»J! 2»«ffl«Wtitt. ¥ 

So 

[0 0 0 1] 

w?a©«r*ft*»*] *5S9!tt. MOSFET (« 

»y-FSMtJM»*h7>vx*) . igbt ce^s 

So 

[0 0 0 2] -«C*»**«tt. *«©H-ffi©*K:« 
«Mfe«K3«#*^£. *«©WBK««W*#^«* 

««««n**rtli:. *7WICi8A-fTX«ffiK:J:**a 

So «AH Bl 3ttl«©yi/-tl©nf t*M 
J^MOSFET^KiBBT**. ^OK*MOSFET 
tt. ■«fl)Fl/'f >ttffil 8#aBffiigMLfcteffifitCDn 
+ HH>11 1 ©±lC^/££nfciSffitn;©n - H U-f 
>• KU7hSl2t, I<OK'J7hil 2fl)affill: 

SSiWJcjgjsKS nfc^ * *;i/i£»Ji t LTco p ^-xs 
% (p^x;p) 1 3 1* ^op^- xm^ic 1 3rt©^B 

«ca»«(C»J*Sn&K^«»«*©n+V-XlHiil 

4tH'J7Ml 2£i;:&£n 
fc*ffi±tcy- KB»«1 5 UTi2Vt 6 nt#»Jy 

^p + =i>^/7 h®^Jcl 9©3R*«H»cW«**kr*V 

-Xlil 1 7 tt*LTIr>6. 

[0 0 0 3] CCDi^^fSEJe^tCiS^T, SJfifitCDn 
-FH> - HU7M1 2<Z)ffi»tt, MOSFET^ 
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TteKU 7 h»ffi**(£<ft*0rCMO S FETCD^SfW 
ft*>SJn (HK>-V-XM) ^Ttf^^^tcSI 
*5t>©(D, *7ttJ8TJ4p^-^««l 3 tn- KU 
-f > • FU7M12 t^lBjOp n»-&^6Jta-TS H 

«IHt*^->yn>«>»* (■*) «JHi*K*<»T 
SWT, HH >-V— *«E*t*^BE©KIt«;:ai 

-r^Mfc 7u—ir4fv>w£.c* we (fh>-v 

U7Hl2t»<Mt*t* WBEfcftHSCfc** 
&«»IC*>J£ttrt«:*:*<ftD, 

IGBT, /H#-7h7>yX^, y>T F«<&¥ 

[0 0 0 4] ^OHBl:»t***JifcLT, K»FU 
7 h gB<h LT*tt»»ft n M<Dm®.£ p ^<D® 

*¥8M*S£«**. EP0053854, USP5216 
275, USP54382 15. &m¥- 9- 2 6 6 3 1 
1 , &ffl¥ 10- 2 2 3 8 9 6ft£fC#tf>TflJS*IT0> 

[0 0 0 5] 01411 USP5216275 KHJ^S 
ftfc«MOSFETO-fl^TKiBaT»-5, Ell 
3O*«*Sfii:(0«|iiJi<7)IS^^4, HH>« KU7 

Tteft<, K«lttO n K U 7 h 1BM« 2 2 a t 
»»»tt<DpS<0tt«JS«2 2 b^^32SfCli03gUT 
# & IS L 2fc W P n W jfi t ft o T V >5 <h C ^ T * £ . 
P^-XSI^ 1 3<D9x;WKl;:pffi<Z)tfcW««2 2 b# 

8IS©Bi:na©HU7HBjW2 2 aWHKLTU 

KK> • K'J7 h«2 2C03E^Jpn«lifi©^IC«» 
M**<Tt), *7«»Ttta659pn«lifiOK75rrft«C 

Effc;£0£ ft&* COcfcoftM^Jp nfS 

ifiOKU-f >ffl5 2 2£iS**¥£#3H L £JIT^«» 

[0 0 0 6] 

P^X«iil3 (Xfffittfi*) 0)RT\Zt>Z&mv> 
n #?ii<2 K > • K U 7 h « 2 2 TteSffi«t«**Bft 
K W> • KU 7h»2 2©B0G>BflE*HI 
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»E**(£TLTU*3. 

[0 0 0 7] CCK, I^p^-XS^l 3CD»Eflt 
JBaWr**t*BBE*>««r*&«6«C, »E«fit§8<£Sffi 

jSfflT5dt^A6n5. t^5#, at^iJpnlSjgO 
io K'J7K»2 2©»j5S»CJ:oTaittfc:ttLHy7K«2 
2 TttlBBJEft^W«pT#*CD«c. -?OBE«lfia4>B 

E««<&fc* £tt«r» o h u > y * -)v f y 

7h»2 2TO»lEfti:a^ft*r, ±*^UT^^ 
©/X^>x©Jll^*BEft3WiU<ft0, 
»^©«H6*+»K:5l#ffl'ri:t*«T*ft^. *fc, 

ftjiJDXS^HT?*^. 
[0 0 0 8]® /t»7— *«W»:ttBfc*^»rtt, 

-Xi^ 1 3 RtW- FSffiJf 1 6 tt¥BIW«c8IM*Xtt 

4Xtfp + :3>^ htttti 9Jr««L, &y 

30 - hmsii i 6 «BIBI61ftR«^MyTB9?BA9ailKB 

-f) o ^fc, hw&m i 6«y-hiio 

40 r> o 

[0 0 0 9] K'J7 hSS 2 2rt<3fc^Jpnfflig<hftofci@ 

7A'7>vx • ^K^^> (»«ft«:ni«tt) tt. 
HU7 h§B2 2 7X1E (50Vgg) T 

• 7A7>yi • ^K9^>#HU7 
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. cooio] L*>Lft#s, y-h®omumffioitT 

1 7<0!7>f — ^H^U— h<0iBT8B 

»TBF«j7h ssa* e> ^nfcfifi K * -3 t n g& W \Z n S[ 

(7>±, y-f^-S ■ 7A7>yi • {7jfV>tfi 
tf- H»t)HiU«SofiT85^y-X«ffia 1 7 ©7 

»fjfc*-;i44y- htt9UL*ff&ttM£0JWfc 
-IfBLfcS, V-Xtgfl 7©3*y-Hl0ffl 

0tBU««JI<OllT«»Ttt» f5LTfcH'J7h««t 
[0 0 11] fCT, ±EraH,«fCC*. *36BJ<7>SB 1 

[0 0 12] *&, #»91(0SB 2 hffiO 

tubman ^<z>*> • *y9mmQ>nmm&mTU& j e 

[0 0 13] 

i ^mmizmj&znrzm&wzmm&ffi-tzm i 

J£ffiJB£<BlHfc:4HSU *>tt«W4K»J7 K««t£SE 

*ft*:fllf i*l:t7tt*TliaSftt«»K» H U 7 h 
IiiSCieti^LTM^n, ^ l ill 

* i t*«<D»**i6i«ziaifl-r*«»SB 2 « 

3 »^ Xtt*n«±©M^t J»^*»IIBK*W{*ftll»c 
«*ir*;Ht*««IBati: SB 1 ^SiI(4V- 
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7>yX^^ JB2©««ittX5y*Xtt3U£ 

t>-t7»Jiffl^31SlT$)?)o 
[ 0 0 1 4 ] M 1 IC, ±E» 1 <B«Hft#flrt-*fc«K 

f £S£7&SB 2 agm^m^i: fcSES*;:* 0 X Itf^ IT 

[0 0 15] HU7 h»0)Si3OBiEfllififfltC*2OaE 
^Jpn«jfia«E«SnT^Sfc*, *7ttffiTtt. #S 
<Bpn»£iB*6££Brt*^#l::&3BU K'J7h»i: 
IB Sr. *C**6n3STW*JB2±BI*rtia)«»*Tffi£ 

1486*6 K'J7 hgB£^bTfB2£S«cDfgla9mffl<Z) 
««Rli^HJtT*iK»tt©*fli*«C!>ftS*cJtU, S 

20 HBom 2 OM^J p n mm <h K U 7 h 88**1^— 

Tt>. »EE«JSB5(D»2 0ffiMpn«jfi©ffl£*5IL3aflC 

7 S86tc!B 1 <B3£yU P n «Sig£8US L 

KU7h8Boat^Jpn«ifiO 
MAS****-?. Stt^WtflR^ORIteSK^iK* 

[0 0 1 6] SB2 J:EJB2(DBIMft«fftT*&» 

S«<7)ff^[6ifciBifiiTS«»»l*«gS»«a: 
»*©J»**ffircEftT-&IB»»2»«a!«*tfeXS 
fC*£ 0 31 L Tt££r L Tj* * JS 3 <BSfcM p n JSigTfc 0 , 
fB 3 (7) vtg^ij p n mm 0>pn»gjgLfcf!y 1 <7)M^J 

40 [o o i 7] . • ^■ymmm<om3mmmitfRi <r>m 

?ijp n«jg-e$.oT. ■tODpnaiOJiL/fcr-y^KU^ 
50 fefSO. m^3iffi^li?nT-€, *t'J7^H'J7h» 
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^>l4H»J7h«TJBtU *3WM©KT«»T 
• 7A'7>yx • ^Wf^* 

[ooi8] »3*«Ji<0iBTa#<BS3<0afc 

^ipn «3fiO^FHi«i jda^fS 1 OTafe^J p n miS^I** 

P n fgjgO p n » V ig L hf y 5*** H U 7 h g&GDSfl 1 

^Tfc, ffi^&D(C^3coM^Jpn«jico^l«^Sg$m 
1 p n «jfi<Z>*tt««« J; 0 < KST * I <h 

KioTfc, ^-ft^7^-7A7>*>x-7 / K^y 

[0 0 19] *2<DaeMpn«Ht^pn«0SUb!^^ 

nct^K, ^rc, sB2©atwpn«ao5F>B 
s^t^asu^ inn iE#HU7h«©»i© 

[0 0 2 0]MfC, JB3©aea3Jpn«ifi<©*l*DB«^ 

t>, • 7A*7>yx • ?Ki7^>^S 

3«*)i(Z)aTa#T7J-3S±bfc*^ «*UfciB*l 

[0 0 2 1 ] ft3 0ffi*Jpn4ftifi0Xl£9fll 

^i3S2itS'>x;n*:fin^ m2mmm 

<y x 3 (D&Pl p n «ig<z>|g 1 £ffiffl<&— 

83«£, »3©afc«pn*ifi±#(Offi£fl:**Hllt* 
-5 tf^ 0 *\ Jg 2 ams^ x;WMtfc*tt* ? xJMUS 
©iffitttWat^guOSV^t, JS3<&ffi5Upn 
Witt* 1 OM^J p n*ift£©*»»C*3*"* Pnt^ 
r^-f ^-Syjr • 7A'7>->x • 7V<t 9?V>ifiK± 

i,B<&«. 
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[0 0 2 2] fit, JR3 0ttHpnM&ttfll2W*B 

«tt®9x;uwsaatl*< ^x;nsic»«bfc«KS*« 

»l©««liC!>-2Hi*«^3— ^— aKtt«rr*<!:* 

m2^ms^(7)r>x;u^gB(D^"rncD8Be^H , j 

7 bSKttfg 1 <&M9Jp ntmfi<&»a3tt4IIE*iSa<B» 
2 0)tt^lpn«liBa>Mitt(CttttU. *fc, )R3MII*s 

IBiotMeftafciffiB-rs&ett. m2«m^m^ 

io ©^x^Maou^n^oatt^Hu^ h»©jBi (oat 

Wpn«ii©«iaJC»)ttl/T^*'b©T*5^6, IS 3 

©atai p n mm tm 1 <&a& ai p n mmtcommzmm? 
»^»a6m"rct^Tr*stftJc. iB3<z>aewpn«ifi 

t»2©SWIpn*iatO**K«ar*P n*d*>* 
2«aS^x;U««E(C«EiBtL,T^^^:«e), ftftLfcBflE 
aW«ffT*S. fgl<7)M^Jpn*?}iglC;fctf££l^ 
^(4IK»)B2««a««&EBU. 1*1***2 

20 x o x ^«a« ic»i* ut u u 

R»t 5 » 3 p n ffiKOSMOS^ff 1 M 

[0 0 2 3] *l(Dffi*Jpn«i6iffiE*2(Oafc?iJpn 

TtifoftK *fc. JBl©M3?iJpnSljai:»3©M^J 
pnMi^ VfrKEBSnT^Tfc, S^UTSSB 
SftTfctob&tr*. JSl. 3 ©StM p n « 

ffl**J*T*«»JB 1 2 

0©pn**IB«l©lfc*3&«itr&», iE#«±t*. 
SB 1 **£(»K£tKfl$% 2 «*ffi*tttt**l*n-«* 

S««^«*IB2*ttS««0?'6, 4>&<£*>-:&l4 

*. **6**ffi««tt+-c?a3M«*Ji«a 

[0 0 2 4] ±ESlG>#gM4. JB3««Ji3&«*> ■ * 

[0 0 2 5] IP^, ±E»l«)#aJr*W^«3««)B 
<D**fc»to6r,-JII2©*a:»4, »i©JfcWpn«it 
Xtt»2©»lpn«liBa>3ft, ^>?i<<hfcmicom@ 
50 JKDMfta<Dfl[Ta» P n ffife<b p n » 0 
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iofeKKfeoT^iitsiiftt^ cassias® 
[0026] »fa>**g»;:ckfttf, siam^/iara** 

i7 • 7A*7>'>x • ^y^>»S£f*]±T#£o 
*©BT»#fcJ3tt*afcJllp n*ia©^«1*«**«»l 

[0 0 2 7 ] -eofiTSR^OM^Jpnflfig^Sl 
iffl«tt»lMliC*«*«T*JIS2W«a! , >x;U« 

[0 0 2 8] f IT, Bl<OMMpn«ifi<B3^lfflKit 20 

isE^mi®ms®^ci: j eo^^^m2^m^^i: 

<0p n»^*«»2i»«a!^x;U««*C«ttbTV^fc 
[0 0 2 9] 

[0 0 3 0] C^Jfiffi! 1 ] HHt *5SW03IJfi« 1 IZ 
^<5*&E7£MO S F E TJlfOfy ^«:SfttlB&¥BSI 
T, MOSFETO«BBtt«*l6l»il±a)V-^«« 
Fffi0UJL*«**ll»UT*£>. B2H 0 

lt^SMAl -A2-A3-A4^lT^t 40 
?BHT$>5o 13(1 i2*(OA5-A6^l:fo^T 

[0 0 3 1 ] *M© n f t *M«MO S F E TH X 
«©KK>tHl 8 UfciSfiJriO n ++ F 
K>l (KK>-3>^^M) ll«)±«C»iaES 
n&*lC!>MMpn«iE<BFWr > • FU^FWlt, 
FSB 1 0)«lBfflIfclWlftlClllttXtt^ h ^< 

HE (p^x;W) 1 3 ^tCDp^— 3rtC0^ffi 
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ftfc* U i/ U a >«oy- h ISM l 6 t , BMttftR 
2 0ICB»fc3>*«r FJLS^LTp 1 3(0 

p + 3>*^ F««l 95tfn+V-7fi«l 4 OJR^ 

ttt&p'*— X««l 3<B*K:n+V-X««l 4*t»< 
M^nt^O, 2ajt«SMOSffi*#lJ5ELT^S. 

£®*^a>*B«tt«ttp^-x»«i 3W 

V— X««l 4lCffl£LT^*. 
[0 0 3 2] d©HH>« n++F 
K>11 ia-fr:7X FU-F<0±£nS8©xfc;**>' 

S«C0JP^rS»CJlJK«»Ona!FU7h«K 
mat I ai*ffiO»**|ft^lBJR«»Opa!fi:«lflH«l 
b<h£££K*i9jILT£fi&^bfc«i§T<&3o *CT 
Ttt, ni©H'J7htS««laH BS&ffcP^- 

>f >il 1 IC*£LT^£. p^Oft^jm^lb 
tt, ^<D±Sll7&*p / <— 3 a<7>C7x;i/pj5SgR^:^ 
<*x;WSK«U *OTitfn + +HK>llli: 
ttUT^S. *fcU4BffiW6 0 0 V^^XOfeOT* 
0, HU7 FttKKHttl a tpgKDttWMi&l bOJIJP 
IJ*i:8umT» »Stt»4 0 MmT?*£. ^n*n© 
^3ffi«J»«tt2. 5xi0i5 C m-3t»5^ IX 

1015-3X101 

[0 0 3 3] 01 tr^r^otr, 
d5»5FU7FWlcOH0T, IfiSiSin + +HK 
>S1 lt©W»C»4» *>«J|Ttt#«B««T»^T 
*:7tt»Tttffi£fcT*Bffittli6« (SHPJWSW) 2rt* 

Msnr^s. ccDKm^iSHi5 2(4. s^co^$^f^] 

tcgH^T ZMVtcDMm p BfH« 2 b t SXSlcl* K> 31 L 
T^S&a 1/TJS&B2 OttTUp n^SiftoWS. 
F >J V FSB 1 £>Sfl 1 cOft^J p n^ig<h»J£#I^SB 2 (ESS 

2<D&&\pnffim£i*Wrt\zmmt<nT^z>. ip*>, f 

»J 7 F8R1 05*1 ooae^Jp nfllifi<BBffi£BffiflliaSR2 
(0lB2OMWpn«ifitttBffi7&*ffl 5 P?fU. ^n^)^ 
*8K»TJ4SVitciS5««a!©«i«tttoT, pnSOI 
l^SlT^^o 0 2 {C*-r«t5«w. IStQE^iSSP 2 CO 
*2©3£5iJpn«|jfi^*5tt*p nmomiy^mt FU 7 
F SB 1 2 CDM^J P n ffi&lzte HZ> p n & 0 il USSoS 
fc#*JKI*LT^S. #0JTt4, Wff«*258S2 (0*2 
?ijp n«ifiJCi5tt«>pn»0jiLfc:^^J4FU 7 hSBl 
<0«1 ©afeJHjp n «it«c43^^p nltOilbtfy^.kO 
t)S<f«toT^. *&• Bff«it«2©^W*B»4 

n?g|«g^2 a t««pS»«2 b (DmmZ&lZ 4 urn 
2. 5xi0i3cm-3T*^, 2X1 014 cm 
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- tiiivT. (PSG) ^ejftSttflsM (*6^J8£) 2 

[0 0 3 4] Wffi«ififl5 2<Z>MHl£HU gfficojp^ft 
2 4^Ei$tlT^5. :OnIft^hy^®8 

[0 0 3 5] KU7 MB1 tt^:/¥lB±T£»**S 10 

ttibmS3 o^Jiotw^y— x«ffiH 1 7ffiyj — ;uf 

7 atlTBOUllT^. y-hffiOffiL 
m@3 O^itTT F »J 7 hg&l cofg 1 OM^Jp n^iai: 
WIE«lifi» 2 (DM 2 <OWM P n«ig£ KftSn&ETffl 

*)7 hSBl ©il OTM^J P nffiBtW.Tffift3<D&3<D 
JKWpniattt«Wl/TEl*nT^5. EP*». F 
'J "7 hSBl ^1 coM^Jp n^jgcofI®£iE~FSB#3<7) 

L^lilTl^o l»flEfllififfl2(0*2<D3t^Jp 
n Jftifi co Jf ® £ II~FS&# 3 V>% 3 OM^J P n tifjfi <h CD B 

[0 0 3 6 ] *«Tfi, ttTffi#3<0S3<0ffi?»Jpn« ^0 

afeWp n*ifitz43*t*p n^Oiibtfy^iO t>«<tt 
oT43 0, »JE«lifiS»2 03l2 0aK^Jp n«ifi(C43tt* 
pnMkOilLey^tRUT**. ET3B#3tf)ffl3co 
P n Mifi(0^M«i«SHi KU7hBl (O^F*E«i«aE 
<fc0*>ffi<teoT*3D. »JE«i§ffi 2 COS 2 <D&&1 p n 

fcJc3 bCQJgJSte#tC4 /imt, *1E£te$J4 0 /imTS 
-tn-€ r n<©^M«»»Ktt2. 5xl0i3 C m-3 

2X1 0i4 C m-3JtTT*nBfiK 40 
[0 0 3 7 ] 3 <DS 3 <D$t9t P n t8>g<Dg|M<H'J 

ttpS»5x;H«4 0t8t)tlTfeO, pS^xM« 

4 0 tt«tC!)4 l »C»J5iEUfcp + 3>^^ MH«4 1 

©*3<z)a6?ijp n«iifi«pS i ?x;HH«4 ooo^x;^ 

JSE^tt^m^l bttpffl9x;WK«4 0Oft«')iJl/« 

^3 afc<Dpn»^ J ttp33»*4 0 <B*x;i/JKK»8t 
LTH*. W/E^^SB2<DM«^pSmiS2 btip^^ so 
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[0 0 3 8] fc*, ±«EG>ffiyiJpn#lflM4. fiE»p3!« 
[0 0 3 9] *tC*«©«if^tCO^TKW-r*. y-h 

igii 6 ic^r^oiE^me^wipT^^, n^^^;u 

SMOSFETtt*>«»ta0, y-hmmii6iE 
TOp^-^^®l 3 0SBi:Rfi3tl$SKiS^L 
T, V— 4*>S9 L **;MW<1 2 e 
AS ft. fOttASnttW F U 7 FffiS§SM£ 1 a * 
IoTn++HK>il ll:SL» KK>i@18 

tv-xti 1 7 £<&ra**»a-r*. 

[0 0 4 0] y— bSUff 1 6 ^<DJE<Dm&*:WLK)&2> 
MOSFETtt*7«SfcS:t), p^-XS«13 

<B*Bfc«ssft*Ee»**iH*u hw>isi8 
mom. a/H7x«ff (v— x • k u-r >Peisji) a< 

*#V><fc. p^««13Wt^KB*12et© 

««1 2 eK:ffl£Ji*«tt5ibTfflifl:"r*t*IC. FD 
7 hg^i co^tt^om^cl blip^aai 3 £rrfM/T 
V-xtgl 7K«»WlciMKU KU7M«loftH 
'J7HBiai aten++ Fl"f >«1 l^lth' 

lbtF'J7 a £OPif]GDp nS^605 

2»#tt«J«« lbtKU7 h«&ffi« 1 a lcS£ 
5I-r^<DT, HU7 FBBl®£2{fc****2>. t¥oT> 

KU7 hWl OiBWJE{k^+»««SnTl^OT. H 

[0 0 4 1 ] C^T, *«©h # U7h»10)H0«)BE 
«ifi»2^tt»2 03fcWpn«|jfi^«J5S;SnT^2). £ 
£>ff§ 2 (DMW p n fllia^^TJftO*^ p 2 b tt, 

p^-X««l 3XttpS««4 0t*l/TV-XM 

1 7lC«SSW^ajttL/, mnSS«2 0alin+ + 

F K>I1 1 ^LT F U-f 1 8 

filEUTV^fc*, WJE*a»2<Dpn»**6ieBUfc 

t^tf^OT, iBJE«ifi»2(7)«»SaflE€:^:«aiPT 

[0 0 4 2] »ffi^iiSK2(0m2C03£ 
5"Jpn*jfitt, KU7 F»lO»l©atWpn«lffli:0 
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fift) *fi<ft^T^Sfc6, WE«IJS» 2 tt K U 7 h 
E*iS»2©p nllOiibJBBB^HU^ hffll«)pnli 
$(«li P jJ^T, HU7h85l«C*loafc9Jpn#lifi 
m^iiSB 2 <£>BJE*<3§ 2 ©MM p n flt £ K«fc t> T+SHC 

[0043] y-haoaiu««3 ooh 

T8B# 3 <z>SS 3 ©afcjy p n ffijfiftt F U 7 h 85 1 1 © 
MJ'Jpn^igctO : fopn^03lL,tf^5 1 ^<. L*>t> 

3 0©aT»»3TliHU7 FSmcJtUMfcfflSISfc 

Sft*C£ttfc^. fiTW#3<0S3<&3fc?Up n 

*a»*F»J7 HSBlomi ©SlLWp n^igckO fep nSS 
Dillylfv9 i rt*!l5^il4:rt*&. ETSB4>3<D^-rtl<Op 
S«^3 bt>KU7 hSRl Opffltt«0fH«l b<Dgg$ 

»J7 hWl C0*l^llt^Jp n«ifi<kiBTffl»3<7)*3 0 

»3<ovi-rnfco)pa!««3 bjz»«-r«>fc«>*ctt, it 

T»#3<&!8 3 0>afc?iJp nfllifiCBpnJlDilLfc;^*: 
F'J 7 hSBl (DJB1 <E>3£?Upn«i£<Z>p n HO ill, If* 

TSB# 3 T<D£2.B<7>SK3ia* K'J7h»U0 t>^* 
0, «JH*«*««n?*. *t , J7^H'J7h85l«^ 

n?>isjL • £<ta*T#*. 

[0 0 4 4] JEK, *3<D&Mpn«ii<0»ffifi!U£ttV 
-Xfgl 7fc«»Wfct*l*-r4pSMB«4 Qififfitt 
*7»fctt*3©ttMpn*jt©ftpffi««2 
b W 7* pSJ«tt2 b^pniftd 

TttSBETioT, iO-B^tS'^'7;t7> 

->x • *^>a«e;io8i< 7A7> 

>>x • 7 r l/-T^^^>^iETgB»3T^-^^L^:^ 
[0 0 4 5] IETW»3<DfB3<oafc^Jp nWiattpffl 1 ? 
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JB3©aiLMpn«|j6±#*ia*Kffl£fl:'r*Ct 

biipi^7i^fi«4 o<&rt«*x;u#«9T*x;w£ 

fcttlJtU Btftt 5IT»» 3 O n StR« 3 a t © p n 
tt£ J ttpffl*x;MS«4 0©*x;MEiC»HEUTl> 
*. CCDfcfc, rt«9x**TI4«»»+36««C0JB 

£Sffl*»V>*<. *©J!«H'J7h«li:»eiBti 
t^T*^>t*(C, Bi«-r-5JB3(Z)aiLMpn*jlO«» 

[0 0 4 6] ttfe. ±E©atWpn«liBl-3©naMll 
i£l a-3 aS«pi««l b — 3 btti2l:^t*0< 

«StC, »tlTOna««l a ' - 3 a' CD^tCp^jg 
ttib' - 3b' fc¥Btt*TttK»«UTfe*ir>. p 

mm^i b' -3 b' tt**©»s#faK:ttttT**. 

^pSnBi^lb' -3 b' ttd>te< 
[0 0 4 7] fc*5, BEE^5^S:«3E-r^«^ #3fc*J 

pn«ja©«s*fioss*wffi^7xir*;i;fcfts«c 

fStntf6^« PIAB9OOV^7^0«^ 6 0u 
mgST*tltfft^. HtC, ^2W^30»Jpn^ 

30 ^ p *2R^S3<Z)afeyiJp n«3fi(0^3SE«ja««- *1 
OM^J P n ttifi(&*>E«b*S<B 1/5-1/1 OOgg 

[0048] mmm 2 ) asu 2 ic 

it^t ?BiT, m2tmmiz, mi +<&JE»ieBA 

1 -A2-A3-A4lcraSLT^5. 
[0 0 4 9] *&\<7)m&M 1 i0>Wifi-t<0iSV>tt* BJ£ 

«jfi-a coafcyy p n ffimjkztmTffift 3^30 

3fcM p n F U 7 hfBl 0)*51 ©MMp nffimtW. 

40 ^LTElSnt^<!:C5T»5, fiP%> FU7FIB 
1 COS 1 OM^Jp n«igcD)iSi:ilTffK^ 3(^)^3 (^M 

?iJpn«jfi<DHSt{4ffiIS^L^ KU7hW10)WlO 
36^"J p n «ifi0)JHB t HflEttififf 2 (D* 2 (Dt^iJ pn« 
ffiOlffiittffispfTLT^fc. KU7h»l©Si 
l<D3£^JpnffiigOpn3S03IUtfv^JC]tU, 
^3 tiHffi«lifiBI5 2<DM5»Jpn«ligOp nHOiBUtf^ 

hHBlO^^JSjg^ltL, *T»»3tHflE«MS»2 
50 3 0»3CDatMp nWii^MOaiUttBB^ H U 7 h§Bl 
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K 0>3fcW p nfif jg£iETg|$# 3 <Dfg 3 

* <Z)ffi^Jpn«|jfii*<ffilE3ET»^EKRI«0«^»Ctt, 
pS"5i;HB*4 O^ffftbft^tttt), ET9$#3 

o^-rn^o p mm® 3 b ic^im-r^ - t&*]mx$> 

CU ETSB^SfC^tt^pn^OiiLtf^^CD^SrHU 

[0 0 5 0] d<3Dj:-5^:3 0<7>M^Jpn«!3gc^E^JK^ 

[0 0 5 1 ] [*&60y 3 ] m 6 14, *5B9i<B!IJE0fl 3 \Z 
i-5WMO S FETSR^O^y^STWfc^ffiH 
T, MO S F E TO*BSttft»*WW±© V-Xt 

H6 ^O&fl^lBBB 1-B2-B3-B4 ^t^LT^ 
t¥I@T^^»o @7*(7)B5-B6^l:ffioT«)WTL 

[0 0 5 2 ] *«JC*tt«y-hSfc0aib««^aTW 20 
»3(D»3(7)afcMpn«iBttHU7 hffll<Z)ISl COMW 
pntfliioa— ^— »*Cffi«UT^*. KU7H5K0 
SI OM^Jp n«ifi<7))IffiiiftT»» 3(0*3 coafc?»Jp 

nfllifitOJiffiittfflWTU FU:7h»l<0JBl0>tt 
Mp n«|jaoJiBtWffi«iSa2<OW2©3tWp n«Jl 

©JfcWpnMacDpnllOiiLKy^CJtU. iSTBBfr 
3 £W/E«Jifi«2 0>afc5Up n^igcDp nHOiiL/K^^ 

881 <0^tfc*»l£KJtU STSB#3 <h»J£*8i£SB2(D 30 

<Z>3fcM P n tfljfi** H U 7 h » 1 OJB 1 ©JIM P n «iScfc 
0t>pnH0iiUt;y5 t **!(E^il<i:^6» pS^x;!^ 

^4 o**flFau<ti>t*Tt>» HTB^3<D^-rnc7)p 

^^g«3 bfeHU7 h«51 <7>pS!ttffl9»« 1 bGDi££ 

[0053] ^o^atc, y-haofflu«fi©ET» 

[0 0 5 4] CHJS^J4) EI 8 14, *5SW<OHJfiflf»J4H 
S^WMO S F ET(C^tt^^^^£±S5H$:l£^ 
LT^-r¥ffiEIT, H7i:|S|«JC, B 6 *<7)&fl2JSHB 
1 - B 2-B3-B4Cffiiltt^ s 

[0 0 5 5] #0y<b$fc, *&S0iJ 3 <fc 1*1*36 tC* y— hffi 
0 fti bS®OSTg|5^ 3 CO® 3 C036^»J p n K U 7 

bS5 1 com 1 <D&mv n«jg(D3-^— WCttllLTV 
K U 7 bSS 1 com 1 coM^Jp n^ificoS® <hET 
gR»3CDS3<0369iJpn«!3ei:<OffiSitl4ffliS3gb, h* 
U7h«10*l<^afe?iJpn*aoJBffiii:WflE*ill(S2 50 
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©*2 0M5iJpn*itCDJlBi»4ffliaS!l/T^S. £ 
tz. KU7 KgBl^miC0M^JpnMiicOpn»0iIU 
tTy^lCJtU ETSE#3 <hBJEtgiigB2 03E^Jp n« 
ifi©pn«0SUK^^**«»E<>a:^Ti50, 
T**. Hie, HU7 h«ia>^M«iBKHJtU, ET 
3 <h»J£fitiIg& 2 0^««iS4«fi<4'3T^S. 
[0 0 5 6] Z.(D&o\Z. y- hSOttlUmffi^ilTSK 

BBTJ4ffi^**T#^iSDS»^^«6tC, FU 

T^fcfc*, fiTB8»3tCi3^^S3(O^Jpn«3i<0 
p n Ski 0 £ LS8®a*-<£> p ffift«J 0 ffitAdffillX li^. 

^pnMkOigL/tf-y^cO^S: F U7h»l l^t^pn 
[0 0 5 7 ] 5 ) B9I1 #589!<03lJK« 5 K 

i-siiMo s f e t*^©^- v zf&^-tflLm^mm 

8i«Xr^y-hflfc0aSL/«««:*P»UT**. B10 
14, 0 9*£>$g^*5HC 1 -C 2 -C 3 -C4£i£*L 
T^"T¥SIMT$>^>o El 1 U4, El 1 0 C 5 - C 6 

» \z ra -d x «w u ^cttsg * *-r « ® ei t*& * . 

[0 0 5 8] *ffiltC*5tt«>y— hffx0ttiLm*13 0^)E 
TSB# 3 <OS§ 3 (O^J p n ffiiite HU7 hSS 1 OS 1 <£> 
ffi^JpnWiSO^ffl^llL/TV^. KU7hffll0 

m i p n mmomm t uT%m 3^3 <dm?u p 

5»Jp nffiiSO)lffitttJEffl[i§SK2(OS2<D^iJp nfllifi 

(OM^Jpnffiii^pnJBIOjibf^^lCJtL. iETSB^ 
3 (hlimffiBSB 2 (DM^'J P n t^ii<0 pniOIlt^^ 

^FM^JSS^f£<^^T^^o ffiT»»3<D»3(7)at^J 
P n «ifi*« HU7HB1 1 <DWM P n «i§ ± Dhv 
nmDMlsXy3 L &®i^z.£frZ>* p^^x;Uni®4 0 
^#ffiLtt^t*Tfc. iBTS8»3<OVim(Opa!««t 
3bbKU7 h85l<OpS!ft«JDMttl b<7)«S^|Djtc 

[ o o 5 9 ] *mx\z. y- b»oaiL««3 oa«v- 

Xili 1 7©^H7-f-;H«^U- H 7 al4fr<, 
P^!)l7^-;1/H : yu~b 1 7 b(Iffl*nfc®«tC^fib 
T^Sfc*. fflTW»3 0fg3a>aE?»Jpn«ifi*«pS« 
«4 0TafeftTl^^ ^17^HI/K^1/-H 7 
a (DHTW»JC*5tt-5* 2 (DM^'J P n pS^xJl/ 

sa«5 0THto*a, pS9xJHiW5 0^i:v-xt 
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S©ft«H)«*6l b^pl"?x;i/ffi«5 O0^x;HSlC 
ngJSB*£2 a toft- yA5> CI <h#T# 

[0 0 6 0] [*JfiW 6 ) B12lt #fE9K0*J60! 4 

^LT^*r¥SEi"c*4. m i o tmmz. m9*<nm 

^ISHC l-C2-C3-C4l:ffi^btt^o 

[0061] **s«5 tra«»c. 

0 ffi l^JStf) It~Fg5# 3 (Dm 3 OM^J P n tit fill HU7 
H81 ©Si niifi^t*8i:fi:ILTV^ 

*«, KU7 hffll^Sl^^'JpnflljficOBStitTffi 

-7 hSB 1 (Dm 1 <7>afc^Jp n^ig<DJf ffi£»J£tifia§52 0) 

»2<DatWpn«i6<Z)JiiBttt«ittS!UT^*. 

FU7 hWlO*lOM^Jpnl»it(Z)pn«0jgbfc;!y 

^KJfcU iST85»3 t»JE«ifi»2©MWpn«lifiO 

pnt»XLe9?®£tfK<tt^T43Q. 

a. S*C KU7 h»l<0*«tt«*K:JfcU ETS&# 

[0 0 6 2] HT«#3K45W-**3a>afcyiJp nfltiS© 
- P n»0jgUj»ffi3&*— OpStt«0««fC«ttL/Tlr^ 

<5££*<pjflgi&*. fix, y- h^offibffi^^m 

3 & K 'J7HB1 S8lC&«LT(^*« 

[0 0 6 3] fc*5, ±E**JSWTtt2»4t»ffla)»» 
MOSFETCOUT^lfc^ #^BJteIGBT 
(gMfiiMOSFET) , h^>>^ 

[0 0 6 4] 

h«O«0CD»ffi*J6»ftatWpn«IJlt'r*4:*^ 

s 3 mssoiETSB^^m i <&ft«ii<0Hi»w<BiffT8B 

#*>Sfca£Wpn«iiiL&a*&* ^iTSt^pn 
[0 0 6 5] (1) KU:7h»<B«0£MJUpnfl|jS 
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«»OMWpn«iB*ajHLfc««**»*«^C*l» 

»JE*J6»©a*Jpn*j&** 

ft. x»a»ff«ii»<oatja p n maa* f u 7 F8M>atw 

pnffiifi<k0^pn^03gbtf^^O^t^^, HEEW 

[0 0 6 6] (2) «3««S<&mTffl#Xte»lfl> 
««BOffl3»a(OiET«»'bat^Jpnfllifi"T?*oT, J e 
©pnltOiiUKy^FU 7 hBROp n»0jiUfcT^ 

TCDSJicita^ f u 7 h» i o t>* * o , nn&m 

A7>->x-^K^^>ttHU7h»T«4L. iff 

[0 0 6 7 ] (3) ffiTffl#<&Sl±ffiffl**8Sl«« 
H 2 wmffl* i ;M«*TBt>nTJBJc* 

«J5ETtt, *7»S^ttSB3(Da69i]pn*ifi(Dft«»*2 

* ^ ■ 7a'7>->i • yu< {??v>tfi&z.*)n<ix 

Z>Tz&, 7A7>yxIi^ltfl). L^fe, *W 
i-^v? • 7/\'^>~>x • ^l/-f^^>^31Si 
©iffT»»-C75-»5^Lfc«^, **U79l*tt#JHfc 
LTtiStgf £SSI 2 Mfi«>x;i««S^UT» 1 ®4SH 

[Ell] ^SSWODSIJfiOTU^^ajPMOSFETji^ 

CD ^ y rf £ ^"f ffi El T S> 4 o 
[02] E 1 +<E>*g^«SBA 1 -A2 -A3-A4$:fi£ 

[13] H2*^)A5-A6»«C»oT«JWfUfcJKffi* 

[0 4] ftffiffl 1 ^*5*t*atWpn«iS©«»««:*T 
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<*[B5] *«^<Z)|tJfi«2JCffSK»MOSFETJC*5 

► [H6] *»IBO)*JS«3JC«^«»MOSFETJR^ 

[07] B6+<Dffi#ttBBl-B2-B3-B4*ifc 

[B8] *«W^*Jfi«4lC«*«E^MOSFET(C*5 
tt*?:y:/©£±«B*it*bT«r¥fflBT**. 
[B 9 ] *%BJ^HSSOT 5 fc:«£*JBMO S F E TK? 

[BIO] B9 *<£>J§^85B1C 1-C2-C3-C4?: 
ffi* b T^t¥SiT^§ o 

[011] Bl 0+<BC5-C6»K:»oT*8Kb&tt 
BSSTWrBBT**. 

[012] *5EW<0||lj|« 6 K«*«»MO S F E T \Z 

m 1 3 ] «#<D#-»«S!<D K U 7 MIS»t?«»M 
OSFET^tgMffiit^^,, 

[Bl 4] ajfeCDMWpnfllJBOHU^hJifeftoJKW 
MO S F E T i/Tt»»«SHT* 5. 

la, U'-nBHU7HBM 
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* 1 b, lb' -pBttffllW 

2 a, 2a' f 3a, 3a'-«nISSS 
2b, 2b' , 3b, 3b' -NUB p SB* 
3—y— S®0dibm®<7)iETSB# 
1 1 — n + HK >Jf 
1 2 e«-y**;MWK 

1 3 p^-*B« (p*x;W 

1 4— n+V— X«« 
1 5- 
1 6 — 
1 7 — 



10 1 5 ...y_ ^ 

17 a, 17 b-^ 

1 8-HK>iS 

19, 2 1, 5 1 • »p + h 

2 O-BBIUUR 

2 4-nI?t*;M h-y/t«« 

2 5-n+3>^£ h«« 

2 

20 3 0-y-hffiOffib«a 
4 0, 5 0-pS«>iM« 
J — p 
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